Thermography has found a broad range of applications in veterinary medicine and racing performance. The usefulness of thermography in veterinary medicine has been proved in detecting pathological conditions associated with inflammatory, vascular or neurological pathological disorders. The main advantage of thermography is the detection of subclinical signs of inflammation before the onset of clinical signs of pathology, providing great value in veterinary medicine diagnosis. Thermographic diagnosis is useful in monitoring changes of horse surface temperature resulting from exercise, allowing evaluation of the work of individual parts of the body in racing performance. Regular assessment of body surface temperature allows the detection of training overloads and identification of pathological conditions of the musculoskeletal system during the racing training cycle.
Introduction
Most racehorse injuries are associated with the physical demands of the musculoskeletal system in response to training [1] , and they can also be linked to the type of training and the skills of the rider [2] . The detection and monitoring of physiological responses to training overloads is particularly important for racehorses put under extreme physical demands. In the study presented by Jeffcott et al. [2] , out of 163 thoroughbred racehorses 53 % suffered from lameness, which was the main cause of elimination of the horses from sport performance. A more recent study involving Thoroughbred racehorses recorded an 81% incidence of lameness [3] . Thermography has been confirmed as a valuable aid in regular assessment of racehorse training [5] [6] [7] .
Application of thermography in injury diagnosis
Thermography can indicate areas of inflammation that could account for a decreased level of racing performance [5] . Regular thermographic examination has been widely used in veterinary medicine in the evaluation of soft tissue injury and superficial bone lesions as an imaging modality complementary to ultrasonographic and radiographic examinations [8] [9] [10] [11] [12] . Thermography has assisted in the diagnosis of a variety of limb injuries including tendonitis, inflammation of the stifle, carpal, tarsal, fetlock joints ( fig. 1) , and bucked shins ( fig. 2) [8, [13] [14] [15] [16] . It can detect abnormalities associated with hoof like: navicular syndrome, corns, laminitis, sole abscesses ( fig. 3 ) and other hoof related structural problems [8, 17] . For back abnormalities it has been applied in neuromuscular disease of the thoracolumbar region, muscular and spinous process inflammation of the thoracic vertebrae ( fig. 4) , subluxation of the third lumbar vertebrae, supraspinal and interspinal ligament inflammation and intervertebral inflammation of the thoracolumbar vertebrae [8, 11, 17, 18] .
Thermography has also been used as a first examination tool for the detection of subclinical inflammation, before the onset of clinical signs of injury only later clinically confirmed by radiography and ultrasonography [10, 19] . It diagnosed subclinical signs of tendonitis and joint arthritis prior to the appearance of clinical signs of inflammation [13, 20, 21] . In the study presented by Turner et al. [5] out of 127 specific limb problems in racehorses, 120 abnormalities were predicted 2 weeks before they became evident clinically. Other studies also report possible detection of subclinical inflammation in racehorses [14, 15] . Soroko et al. [19] found that temperature differences of 1.25°C between the right and left distal parts of limbs could indicate subclinical inflammation of the superficial digital flexor tendon and bucked shins in racehorses. Turner [14] found local temperatures over the dorsal 3 rd metacarpal bone were 1°C to 2°C higher compared to the surrounding areas in the early stages of bucked shins. Thermography can protect the horse from injury by detecting signs of inflammation in the distal parts of the limbs before any clinical evidence such as lameness is present [14, 21] .
Application of thermography in racing performance
In racing performance, thermography is useful in monitoring changes of horse surface temperature resulting from regular intensive training, allowing evaluation of the function of individual parts of the body [22] . Assessment of body surface temperature indicates areas of the body that could account for a decreased level of racing performance [5] . Regular thermographic examination found abnormalities of forelimbs associated with strains and overloads in racehorses [6, 23] . This confirms that most horses are more likely to develop injury associated with the forelimb, than the hindlimb [24] . In another study it was found that the temperature of the back and the distal parts of the forelimbs at rest was increased by long-term training [7, 25] . Ten months of regular thermographic examination identified thirteen body regions of interest (ROIs) at both carpal joints, the 3rd metacarpal bones, the left fetlock joint, the left front short pastern bone, the left tarsus joint, and the caudal part of the thoracic vertebrae to be recommended for monitoring the impact of training [6] . Identifying the key thermographic diagnostic areas should facilitate the detection of pathological conditions during the training cycle.
Thermography can play a role in equine rehabilitation for the detection of upper limb muscle strain, muscle inflammation, croup and caudal thigh myopathy [26, 27] . It provides objective data that can indicate the area at which to concentrate further diagnostic testing or apply therapeutic ultrasound, massage or other treatment [26] . In the study presented by von Schweinitz [28] thermography assisted in monitoring the effectiveness of acupuncture therapy in a case of neuromuscular disease. Both Waldsmith and Oltman [29] and Yarnell et al. [30] have highlighted the potential of thermography for monitoring rehabilitation, but more published evidence is required to demonstrate its true utility.
Thermography has also been used to aid detection of illegal performance-enhancing procedures during equestrian competition [31] . A serious limitation in this application, however, is a lack of specificity: increase in heat in the digits may not be due to a specific drug, and could simply relate to being in work at the time of examination. The FEI currently approves thermography as a method for detection of hypersensitisation, but the guidelines for use are somewhat non-specific, which has probably limited the uptake of the technique for this purpose [32] .
Summary
Thermography is becoming increasingly popular as an aid to assist the diagnosis of musculoskeletal pathology in racehorses. It helps veterinarians to diagnose the exact site of injury and follow the response to treatment. Thermography detects training overloads and muscle strains which can lead to injury, allowing the trainer to make decisions about the horse's training programme and management. Increasing camera performance at reduced cost is making thermography more accessible than ever before, allowing more horses and trainers to benefit from this noninvasive imaging modality. 10.21611/qirt.2016.122
